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BRIEF RESEARCH REPORTMany mechanisms have been proposed for hepatic hydro-
thorax (HH), pleural effusion seen in cirrhotic patients,
and the transdiaphragmatic flow of ascitic fluid through
the diaphragmatic defects is considered the most proba-
ble.1,2 There are several methods for diagnosis of HH,
including biochemical analysis of ascitic and pleural fluids,
conventional radiography, radioisotopic imaging, magnetic
resonance imaging, and thoracoscopy. Among these, ultra-
sonography may be considered the easiest method and has
the benefit of real-time diagnosis of anatomic integrity. On
the other hand, the magnification offered by the optical sys-
tem of thoracoscopy allows excellent localization of dia-
phragmatic defects. This study is the first demonstration of
the transdiaphragmatic flow by color Doppler ultrasonogra-
phy that further directly verifies detected defects by means
of video-assisted thoracoscopic surgery.
MATERIALS AND METHODS
Between January 2005 and August 2007, a total of 9 patients with cir-
rhosis and refractory pleural effusion (4 male and 5 female; mean age, 59
years; range, 41–81 years) were evaluated to determine the communication
of fluid between peritoneal and pleural cavities. Statements of patient con-
sent and the approval of internal review boards were all obtained before
further investigation. The pleural effusion volume was estimated from
chest radiography and was subsequently studied with color Doppler ultra-
sonography (Sonos 5500 with 3-MHz curved linear transducers; Agilent
Technologies, Andover, Mass) in the supine position before and after diag-
nostic thoracocentesis. Other maneuvers (increasing abdominal pressure,
Valsalva maneuver) were applied during the interrogation. Moreover, the
types of diaphragmatic defects were further compared with the findings
of video-assisted thoracoscopic surgery in all patients. The channels be-
tween the pleural and abdominal cavities were interrupted with the Mersi-
lene mesh (Ethicon Ltd, Edinburgh, UK) onlay method3 by means of
videothoracoscopy through three trocar sites. The characteristics of all
patients, ultrasonographic findings, and videothoracoscopic findings are
described in Table 1.
RESULTS
On color Doppler ultrasonography, peritoneopleural
communication, marked by jet flow from the peritoneal
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tients. Mean of maximum flow velocity was 15.89 cm/s
(range, 6.9–27.8 cm/s; Table 1). Transdiaphragmatic flow
became obvious after thoracocentesis in 1 patient with
massive pleural effusion. Among the patients with positive
findings of color Doppler ultrasonography, all had bleb
defects on the tendinous area of the diaphragm. Color
Doppler ultrasonography did not, however, demonstrate
transdiaphragmatic flow in the oozing type of diaphrag-
matic defect in this study, even though the radiologic study
showed massive pleural effusion. Moreover, some defects
themselves may have been too small to detect or may have
been present only transiently. Thus no transdiaphragmatic
flow was noted by color Doppler ultrasonography even
for bleb defects noted on the diaphragm by videothoraco-
scopy in 2 cases.
DISCUSSION
The pathogenesis of HH may involve microscopic or
macroscopic diaphragmatic defects. Demonstration of the
presence or absence of such communications is helpful
in therapeutic decision making. These findings of color
Doppler ultrasonography contribute to the explanation of
the mechanism of HH, movement of fluid from the
peritoneal to the pleural cavity. Biochemical analysis of
ascitic and pleural fluids only provides indirect information
about the origin of the effusion and cannot confirm the
peritoneopleural communication of HH.4 Dyes, air, and
radioisotopes5 have all been used to demonstrate the trans-
diaphragmatic passage of ascitic fluid into the pleural
space. All involve invasive and time-consuming proce-
dures, however, and require delayed and multiple images.
In addition, the size of the radiopharmaceutical particle se-
lected will also determine the transdiaphragmatic migra-
tion pattern, with a correct diagnostic rate around 80%
to 90%.5 Moreover, radionuclide detection is generally
unsuccessful in nonascitic cases of HH. In this study, the
pulsed-wave Doppler profile of the bleb defect revealed
low density and to-and-fro transdiaphragmatic flow, which
were different from high-velocity triphase or continuous
flow of the branched diaphragmatic vessels. Such flow
could explain why in several published cases of anascitic
HH5 the transdiaphragmatic effusion still bothered the
patient.
Once the communication has been adequately demon-
strated, placement of a chest tube, which usually results
into hypoalbuminemia and malnutrition, can be avoidedrdiovascular Surgery c Volume 138, Number 5 1251
Brief Research ReportTABLE 1. Clinical and demographic characteristics of patients with hepatic hydrothorax









1 41 M Alcoholic LC Present, rt 2/3 hemithorax Obvious Blebs To-and-fro, Vmax 9.3 cm/s
2 77 M HCV LC Present, rt 1/4 Hemithorax Present Blebs To-and-fro, Vmax 20.1
cm/s
3 57 M Primary biliary LC Absent, rt 1/2 hemithorax Absent Oozing Absent
4 81 F Cryptogenic LC Absent, rt 1/2 hemithorax Present Blebs To-and-fro, Vmax 27.8
cm/s
5 62 F HCV LC Present, rt 1/4 hemithorax Present Blebs To-and-fro, Vmax 15.2
cm/s
6 64 F HBV LC Present, rt 1/4 hemithorax Absent Blebs Absent
7 58 F HBV LC Absent, rt 1/4 hemithorax Absent Oozing Absent
8 49 M Alcoholic LC Present, bilateral, rt 1/4
hemithorax
Absent Blebs Absent
9 43 F HBV and alcoholic LC Absent, rt 1/2 hemithorax Present Blebs To-and-fro, Vmax 6.9 cm/s
M, Male; LC, liver cirrhosis, rt, right; Vmax, maximum velocity; HCV, hepatitis C virus; F, female; HBV, hepatitis B virus.FIGURE 1. A, Color Doppler ultrasonography shows transdiaphragmatic flow correlating with operative findings. B, Photograph of cluster of diaphragmatic
blebs identified by videothoracoscopy after intraoperative injection of dilute methylene blue into abdomen. C and D, Color-encoding image can be found at
eminent diaphragmatic defect.and treatment directed toward diaphragmatic repair through
videothoracoscopy, because the defect is usually large. If an
ultrasonographic diagnostic method fails to detect any de-
fect, it seems reasonable in this situation to perform conser-
vative treatment, such as chemical pleurodesis, continuous
positive–airway pressure ventilation, or diuretic administra-
tion, because the diaphragmatic defect is small. In conclu-
sion, color Doppler ultrasonography exposes patients with
HH to a minimal amount of radiation and can be performed
dynamically to confirm the transdiaphragmatic movement of
ascitic fluid into the pleural cavity.1252 The Journal of Thoracic and Cardiovascular SuReferences
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